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(54) MANUFACTURING METHOD OF SECONDARY BATTERY AND UTILIZATION THEREOF

(57) A present disclosure provides a technique for
manufacturing a secondary battery outstanding in a high
rate resistant property with a high precision. The manu-
facturing method disclosed herein includes a construct-
ing step S 10 for constructing an battery assembly in
which an electrode body and an electrolytic solution are
accommodated inside a battery case, an increase
amount measuring step S20 for performing an inspection
charge on the battery assembly for a predetermined pe-
riod so as to measure an increase amount LΔ of the ex-
cess electrolytic solution for the inspection charge, and
a first judging step S30 for selecting the battery assembly,
whose increase amount LΔ of the excess electrolytic so-
lution is equal to or less than a predetermined upper limit
threshold LMAX, as a good quality product. This wording
"increase amount LΔ of the excess electrolytic solution"
represents an amount of the electrolytic solution having
flown out to an outside of the electrode body due to an
expansion of the electrode for the inspection charge, and
thus it is possible to properly evaluate a high rate resistant
property of the battery assembly. Therefore, by selecting
the battery assembly, whose increase amount LΔ of the
excess electrolytic solution becomes equal to or less than
an upper limit threshold LMAX, as a good quality product,
it is possible to manufacture the secondary battery out-
standing in the high rate resistant property with a high
precision.
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Description

BACKGROUND

1. Technical Field

[0001] A technique disclosed herein relates to a man-
ufacturing method of a secondary battery and a tech-
nique in which the manufacturing method is used.

2. Description of the Related Art

[0002] The secondary battery, such as lithium ion sec-
ondary battery, has been widely used in various fields.
This secondary battery has, for example, a configuration
of accommodating an electrolytic solution and an elec-
trode body in a battery case. Regarding the secondary
battery having the configuration described above, the
electrolytic solution is osmosed to an inside (electrode
gap between a positive electrode and a negative elec-
trode) of the electrode body. In addition, regarding this
type of secondary battery, an excess electrolytic solution
not osmosed to an inside of the electrode body might be
caused at an outside of the electrode body (between the
electrode body and the battery case). By doing this, it is
possible to supply the electrolytic solution to the inside
of the electrode body when a shortage of the electrolytic
solution inside the electrode body is caused.
[0003] JP2021-170436 discloses a method for judging
reusability of the secondary battery based on a liquid
amount of the excess electrolytic solution. Particularly,
an inspection method described in Patent Document 1
includes a step of radiating X-ray or ultrasonic to the sec-
ondary battery so as to measure a transmittance of it, a
step of calculating an excess liquid amount of the elec-
trolytic solution based on the transmittance, and a step
of judging the ability of reusage of the secondary battery
based on the excess liquid amount. By doing this, it is
supposed that the ability of reusage of the secondary
battery can be judged in a non-destructive manner.

SUMMARY

[0004] Anyway, regarding the secondary battery hav-
ing the configuration described above, a degradation
phenomenon (high rate deterioration) might be caused
in which a battery resistance is drastically increased
when a rapid charge is performed. This high rate deteri-
oration is caused by the electrolytic solution inside the
electrode body flowing out due to an expansion of the
electrode (particularly, negative electrode) for the rapid
charge. Thus, it is difficult to judge whether a resistant
property to the high rate deterioration (high rate resistant
property) is superior or not, even if measurement of the
excess electrolytic solution is performed on the second-
ary battery being uncharged. The herein disclosed tech-
nique has been made in view of the above-described
circumstances, and an object is to provide a technique

of manufacturing a secondary battery outstanding in a
high rate resistant property with a high precision.
[0005] In order to solve the above described circum-
stances, the herein disclosed technique can provide a
manufacturing method of a secondary battery having a
below described configuration (below, simply referred to
as "manufacturing method", too).
[0006] The herein disclosed manufacturing method in-
cludes a constructing step for constructing a battery as-
sembly in which an electrode body and an electrolytic
solution are accommodated inside a battery case, in-
cludes an increase amount measuring step for perform-
ing an inspection charge on a battery assembly for a pre-
determined period to measure an increase amount LΔ of
an excess electrolytic solution for the inspection charge,
and includes a first judging step for selecting a battery
assembly, whose increase amount LΔ of an excess elec-
trolytic solution is equal to or less than a predetermined
upper limit threshold LMAX, as a good quality product.
[0007] As described above, in the manufacturing meth-
od disclosed herein, the increase amount LΔ of the ex-
cess electrolytic solution for the inspection charge is
measured. The wording "increase amount LΔ of the ex-
cess electrolytic solution" represents an amount of the
electrolytic solution having flown out to an outside of the
electrode body due to an expansion of the electrode for
the inspection charge. In other words, it is possible to
consider the battery assembly, whose increase amount
LΔ of the excess electrolytic solution is smaller, as a bat-
tery in which the flow out of the electrolytic solution (high
rate deterioration) for the charge is hardly caused. Thus,
by selecting the battery assembly whose increase
amount LΔ of the excess electrolytic solution becomes
equal to or less than the upper limit threshold LMAX as
the good quality product, it is possible to manufacture
the outstanding secondary battery in the high rate resist-
ant property with the higher precision.
[0008] In addition, a suitable aspect of the herein dis-
closed manufacturing method further includes a second
judging step for select a battery assembly, whose in-
crease amount LΔ of an excess electrolytic solution is
equal to or more than a predetermined lower limit thresh-
old LMIN, as a good quality product. By doing this, it is
possible to remove the battery assembly in which some
abnormality might be caused on the charge and dis-
charge response.
[0009] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, an increase amount LΔ
of an excess electrolytic solution is calculated by a below
described formula (1), when a liquid amount of an excess
electrolytic solution before start of an inspection charge
is treated as an initial liquid amount L0, a liquid amount
of an excess electrolytic solution at a predetermined time
for an inspection charge is treated as an inspection liquid
amount L1, and a total amount of an electrolytic solution
existing inside a battery case is treated as a total liquid
amount LT. By doing this, it is possible to measure the
increase amount LΔ of the excess electrolytic solution in
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which the high rate resistant property of the battery as-
sembly is accurately reflected. 

[0010] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, a liquid amount of an
excess electrolytic solution is measured on a basis of an
image analysis on an X-ray transmission image of a bat-
tery assembly. By doing this, it is possible to accurately
measure the liquid amount of the excess electrolytic so-
lution.
[0011] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, regarding an image
analysis on an X-ray transmission image, a measure-
ment line along a side surface of a battery case is set in
an area between an electrode body and a battery case,
and a change in luminance on the measurement line is
analyzed, so as to measure a liquid amount of an excess
electrolytic solution. By doing this, it is possible to more
accurately measure the liquid amount of the excess elec-
trolytic solution.
[0012] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, an X-ray transmission
image is obtained by capturing a battery assembly in a
state where the battery assembly is tilted by a predeter-
mined tilt angle θ. By doing this, it is possible to more
accurately measure the liquid amount of the excess elec-
trolytic solution.
[0013] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, a battery case is
formed with aluminum or resin. By doing this, it is possible
to easily obtain the X-ray transmission image being clear.
[0014] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, an upper limit thresh-
old LMAX is set to be within a range from 0.05% to 10%.
By doing this, it is possible to manufacture the outstand-
ing secondary battery particularly in the high rate resist-
ant property with the higher precision.
[0015] Additionally, in a suitable aspect of the herein
disclosed manufacturing method, an inspection liquid
amount Li is measured at a time when a SOC of a battery
assembly has reached a predetermined inspection value
set to be within a range from 60% to 90%. By doing this,
it is possible to measure the increase amount LΔ of the
excess electrolytic solution in which the high rate resist-
ant property of the battery assembly is more accurately
reflected.
[0016] In addition, as another aspect of the herein dis-
closed technique, a battery pack is provided. The herein
disclosed battery pack at least includes plural single-bat-
teries, and a connecting member configured to electri-
cally connect each of plural single-batteries. Then, in the
battery pack disclosed herein, 90% or more of plural sin-
gle-batteries are secondary batteries, each comprising
an increase amount LΔ of an excess electrolytic solution
for an inspection charge for a predetermined period being

equal to or less than a predetermined upper limit thresh-
old LMAX.
[0017] According to the herein disclosed technique, it
is possible to manufacture the outstanding secondary
battery in the high rate resistant property with a high pre-
cision. As the result, it is possible to implement the battery
pack, in which the most portion (90% or more) of the
single-batteries included in the battery pack are second-
ary batteries outstanding in the high rate resistant prop-
erties. The battery pack described above can exhibit a
high performance as a whole.
[0018] Additionally, in a suitable aspect of the herein
disclosed battery pack, all of the plural single-batteries
are secondary batteries, each comprising an increase
amount LΔ of an excess electrolytic solution being equal
to or less than an upper limit threshold LMAX. The battery
pack described above can contribute to performing con-
trol capable of exhibiting a very high performance as a
whole.
[0019] Additionally, in a suitable aspect of the herein
disclosed battery pack, 20 or more of single-batteries are
provided. According to the herein disclosed technique,
even for the battery pack including 20 or more of multiple
single-batteries, it is possible to construct the most por-
tion of the battery pack with the secondary batteries out-
standing in the high rate resistant properties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a flowchart for explaining a manufacturing
method in accordance with one embodiment.
FIG. 2 is a perspective view that schematically shows
an appearance of a battery assembly.
FIG. 3 is a longitudinal cross section view that sche-
matically shows an inside structure of the battery as-
sembly shown in FIG. 2.
FIG. 4 is a flowchart for explaining an example of an
increase amount measuring step.
FIG. 5 is a longitudinal cross section view for explain-
ing an example of a procedure of measuring a liquid
amount of an excess electrolytic solution.
FIG. 6 is an example of an X-ray transmission image
of the battery assembly.
FIG. 7 is a line profile that shows a change in lumi-
nance on a measurement line ML in FIG. 6.
FIG. 8 is a graph that shows a relation between an
increase amount LΔ(%) of the excess electrolytic so-
lution and a resistance increasing rate(%).
FIG. 9 is a perspective view that schematically shows
an appearance of a battery pack in accordance with
one embodiment.
FIG. 10 is a flowchart for explaining a manufacturing
method in accordance with another embodiment.
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DETAILED DESCRIPTION

<First embodiment>

[0021] Below, one embodiment of a herein disclosed
technique will be described in detail, by reference to the
accompanying drawings. Incidentally, the matters other
than matters particularly mentioned in this specification,
and required for practicing the herein disclosed technique
can be grasped as design matters of those skilled in the
art based on the related art in the present field. The herein
disclosed technique can be executed based on the con-
tents disclosed in the present specification, and the tech-
nical common sense in the present field. Additionally, in
the following drawings, it will be explained while the mem-
bers/parts providing the same effect are provided with
the same numerals and signs. Furthermore, the dimen-
sional relation (such as length, width, and thickness) in
each drawing does not reflect the actual dimensional re-
lation.

1. Manufacturing method of secondary battery

[0022] At first, one embodiment of a manufacturing
method of a secondary battery disclosed herein will be
described. FIG. 1 is a flowchart for explaining the man-
ufacturing method in accordance with the present em-
bodiment. FIG. 2 is a perspective view that schematically
shows an appearance of a battery assembly. FIG. 3 is a
longitudinal cross section view that schematically shows
an inside structure of the battery assembly shown in FIG.
2. FIG. 4 is a flowchart for explaining an example of an
increase amount measuring step. FIG. 5 is a longitudinal
cross section view for explaining an example of a proce-
dure of measuring a liquid amount of an excess electro-
lytic solution. FIG. 6 is an example of an X-ray transmis-
sion image of the battery assembly. FIG. 7 is a line profile
that shows a change in luminance on a measurement
line ML in FIG. 6. FIG. 8 is a graph that shows a relation
between an increase amount LΔ(%) of the excess elec-
trolytic solution and a resistance increasing rate (%). In-
cidentally, in drawings explained by the present specifi-
cation, a reference sign X represents a width direction,
a reference sign Y represents a depth direction, and a
reference sign Z represents a height direction. Further-
more, reference signs L, R, F, Rr, U, and D respectively
represent leftward, rightward, frontward, rearward, up-
ward, and downward. However, these directions are de-
fined for convenience sake of explanation, and they are
not intended to restrict a use aspect of the secondary
battery after it is manufactured.
[0023] As shown in FIG. 1, the manufacturing method
in accordance with the present embodiment includes at
least a constructing step S10, an increase amount meas-
uring step S20 of an excess electrolytic solution, and a
first judging step S30. In addition, the manufacturing
method in accordance with the present embodiment fur-
ther includes a good quality product labeling step S40,

and a bad quality product labeling step S50, too. Below,
each step will be described.

(1) Construction step S10

[0024] At the present step, a battery assembly 1 is con-
structed in which an electrode body 20 and an electrolytic
solution 30 are accommodated inside a battery case 10
(see FIG. 2 and FIG. 3). Incidentally, the term "battery
assembly" in the present specification represents a struc-
ture body in which a configuration element of a secondary
battery is assembled in a chargeable and dischargeable
manner, and for which a high rate resistant property is
not evaluated. Then, the term "secondary battery" in the
present specification represents a battery assembly that
has a certain high rate resistant property and that is
judged to be in a shipping-allowable condition. In other
words, the battery assembly 1 shown in FIG. 2 and FIG.
3 has a configuration similar to the secondary battery
after shipping, except for the later described steps S20
to S40 having not been performed yet. Below, an exam-
ple of a structure of the battery assembly 1 will be ex-
plained.

(1-a) Battery case

[0025] The battery case 10 is a container formed in a
box shape having an internal space. In the internal space
of this battery case 10, the electrode body 20 and the
electrolytic solution 30 are accommodated. Incidentally,
as shown in FIG. 2 and FIG. 3, the battery case 10 in the
present embodiment is a container formed in a flat rec-
tangular parallelepiped shape. In particular, the battery
case 10 includes a case main body 14 being a box-
shaped member having an upper surface opening, and
includes a sealing plate 12 being a plate-shaped member
configured to cover the upper surface opening of this
case main body 14. Incidentally, in a case where an X-
ray transmission image is obtained at the later-described
increase amount measuring step S20, it is preferable that
the battery case 10 is formed with aluminum (which se-
mantically includes aluminum alloy), resin, or the like.
The battery case 10 formed with these materials has an
X-ray transmission rate being higher, and thus it is pos-
sible at the increase amount measuring step S20 to ob-
tain a clear X-ray transmission image.
[0026] In addition, the sealing plate 12 is provided with
a liquid injection hole 12a configured to inject the elec-
trolytic solution 30 to an inside of the battery case 10.
Incidentally, this liquid injection hole 12a is sealed by a
sealing member 16 after the electrolytic solution 30 is
injected. Furthermore, to the sealing plate 12, a pair of
electrode terminals 40 are attached. Each of the elec-
trode terminals 40 is a structure body in which plural con-
ductive members are combined, and which is configured
to extend along a height direction Z. Then, an electrical
collector member 40a configuring a lower end part of the
electrode terminal 40 is connected to the electrode body

5 6 



EP 4 395 002 A1

5

5

10

15

20

25

30

35

40

45

50

55

20 at the inside of the battery case 10.

(1-b) Electrode body

[0027] The electrode body 20 is a member in which a
positive electrode and a negative electrode are opposed
via a separator. As an example of the structure of the
electrode body 20 described above, it is possible to use
a wound electrode body, a laminate type electrode body,
or the like. The wound electrode body is formed by wind-
ing the positive electrode formed in a long sheet shape,
the negative electrode formed in a long sheet shape, and
the separator formed in a long sheet shape. On the other
hand, the laminate type electrode body is formed by al-
ternately laminating the positive electrode being short
and the negative electrode being short to dispose the
separator at a gap between electrodes. Incidentally, re-
garding a configuration member (positive electrode, neg-
ative electrode, separator, or the like) of the electrode
body 20 can be used materials capable of being utilized
in a general secondary battery without particular restric-
tion. That is, the configuration member of the electrode
body does not restrict the herein disclosed technique.
Thus a detailed explanation of the configuration member
is omitted in this specification.

(1-c) Electrolytic solution

[0028] The electrolytic solution 30 is an electrolyte in
liquid form that can make a charge carrier move between
the positive electrode and the negative electrode. The
most portion of the electrolytic solution 30 is osmosed to
the inside of the electrode body 20 (electrode gap be-
tween the positive electrode and the negative electrode).
Additionally, in the present embodiment, at an outside of
the electrode body 20 (between the electrode body 20
and the battery case 10), there is an excess electrolytic
solution 32 not osmosed to the inside of the electrode
body 20. Thus, when a shortage of the electrolytic solu-
tion 30 inside the electrode body 20 is caused, it is pos-
sible to supply the electrolytic solution 30 to the inside of
this electrode body 20. Incidentally, regarding the elec-
trolytic solution 30, it is also possible to use one capable
of being utilized in the general secondary battery without
particular restriction.

(2) Increase amount measuring step S20

[0029] At the increase amount measuring step S20 of
the excess electrolytic solution, an inspection charge is
performed on the battery assembly 1 for a predetermined
period, so as to measure an increase amount LΔ of the
excess electrolytic solution for this inspection charge.
This wording "increase amount LΔ of the excess electro-
lytic solution" represents an amount of the electrolytic
solution 30 having flown out to the outside of the electrode
body 20 due to an expansion of the electrode for the
inspection charge. In other words, it is possible to con-

sider that a high rate deterioration due to the electrolytic
solution 30 having flown out tends to be more easily
caused on the battery assembly 1, whose increase
amount LΔ of the excess electrolytic solution is larger.
On the other hand, it is possible to consider that the bat-
tery assembly 1, whose increase amount LΔ of the excess
electrolytic solution is smaller, is more superior in the
high rate resistant property.
[0030] Below, an example of a measurement proce-
dure for "increase amount LΔ of the excess electrolytic
solution" at the increase amount measuring step S20 will
be explained. As shown in FIG. 4, the increase amount
measuring step S20 in the present embodiment includes
a measurement S21 of an initial liquid amount L0, a start
S22 of the inspection charge, a measurement S23 of an
inspection liquid amount L1, an obtainment S24 of a total
liquid amount LT, and a calculation S25 of the increase
amount LΔ.

(2-a) Measurement S21 of initial liquid amount L0

[0031] At this increase amount measuring step S20,
firstly, the measurement S21 of the initial liquid amount
L0 is performed. The term "initial liquid amount L0" meas-
ured here means a liquid amount (ml) of the excess elec-
trolytic solution before the start of the inspection charge.
Incidentally, it is preferable that the battery assembly 1
used at the measurement S21 of the initial liquid amount
L0 is the battery assembly 1 after an initial charge and
discharge operation and an aging processing are per-
formed. By doing this, it is possible as "initial liquid
amount L0" to use the liquid amount of the excess elec-
trolytic solution of the battery assembly 1 in which a dis-
tribution nonuniformity of the electrolytic solution 30 in-
side the electrode body 20 is small, and thus it is possible
to accurately calculate the later described increase
amount LΔ of the excess electrolytic solution. In particu-
lar, it is preferable that the battery assembly whose SOC
after the aging processing is 10% to 20% (for example,
about 17%) is selected as a target for the measurement
S21 of the initial liquid amount L0.
[0032] Incidentally, it is preferable that "liquid amount
(ml) of the excess electrolytic solution" is measured on
the basis of an image analysis on an X-ray transmission
image of the battery assembly 1. By doing this, it is pos-
sible to accurately measure the liquid amount of the ex-
cess electrolytic solution 32. Below, it will be particularly
explained about measurement of the liquid amount of the
excess electrolytic solution with the X-ray transmission
image.
[0033] At first, it is preferable that the X-ray transmis-
sion image of the battery assembly 1 is obtained by cap-
turing the battery assembly 1 in a state where the battery
assembly is tilted by a predetermined tilt angle θ. For
example, in an example shown by FIG. 5, the battery
assembly 1 held by a restricting member B is mounted
on a pedestal P including an installation surface tilted by
a predetermined tilt angle θ (for example, 45°). By doing
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this, the excess electrolytic solution 32 is gathered to a
vicinity of a corner part 10c1, which is arranged down-
ward D in a height direction Z, among corner parts 10c1,
10c2 of the battery case 10 at a bottom surface 10b side.
By capturing the X-ray transmission image of an area A
including the above described corner part 10c1 under
this state, it is possible to implement an accurate meas-
urement even when the liquid amount of the excess elec-
trolytic solution 32 is smaller. Incidentally, it is preferable
that a capturing condition of the X-ray transmission image
is suitably adjusted to be a condition capable of accu-
rately recognizing a liquid surface 32a of the excess elec-
trolytic solution 32. As an example, it is preferable that a
pipe voltage of an X-ray radiating apparatus is set to be
within a range from 125 kV to 175 kV (for example, 150
kV). In addition, it is preferable that a pipe current is set
to be within a range from 175 mA to 225 mA (for example,
200 mA).
[0034] In addition, as described above, regarding the
present embodiment, the X-ray transmission image is
captured under a state where a flat surface 10f (see FIG.
2) of the battery case 10 is sandwiched by a pair of re-
stricting members B and then a restriction pressure is
applied. By doing this, it is possible to evaluate the high
rate resistant property under a state where an actual use
situation of the secondary battery is properly reflected.
Incidentally, it is preferable that the restriction pressure
at that time is set to add a load of 15 kN to 25 kN (for
example, about 20 kN) with respect to the battery assem-
bly 1 whose SOC is 17%. In addition, it is preferable that
the restricting member B is a member made from a trans-
parent resin. By doing this, it is possible to obtain the X-
ray transmission image on which the image analysis is
easily performed.
[0035] Next, an example of a procedure of analyzing
the X-ray transmission image will be explained while re-
ferring to FIG. 6. In this image analysis, at first, a meas-
urement line ML extending along a side surface 10s of
the battery case 10 is set on an area between the elec-
trode body 20 and battery case 10 of the captured X-ray
transmission image. Then, a predetermined image ana-
lyzing software (Image-J, or the like) is used to analyze
a change in luminance along the measurement line ML.
For example, regarding an analysis result shown by FIG.
7, a luminance value is drastically reduced near 100 pixel.
This is because the X-ray transmission rate on an area
where the excess electrolytic solution 32 exists is low. In
other words, regarding FIG. 7, it is possible to consider
that the liquid surface 32a of the excess electrolytic so-
lution 32 exists at a position near 100 pixel. Next, regard-
ing FIG. 7, the luminance value is further reduced at a
position near 400 pixel. This is because it reaches the
bottom surface 10b of the battery case 10 whose X-ray
transmission property is little. Thus, based on the anal-
ysis result shown by FIG. 7, it is possible to analyze that
the excess electrolytic solution 32 exists on an area of
100 to 400 pixel. Then, in the present embodiment, a
preliminary test is performed in advance for defining a

relational expression between "existing area (pixel) of
the excess electrolytic solution 32 on the X-ray transmis-
sion image" and "actual liquid amount (ml) of the excess
electrolytic solution". By doing this, it is possible to meas-
ure the liquid amount (ml) of the excess electrolytic so-
lution based on the existing area of the excess electrolytic
solution 32 on the X-ray transmission image.

(2-b) Start S22 of inspection charge

[0036] Next, at the increase amount measuring step
S20, the inspection charge is started to charge the battery
assembly 1 under a predetermined condition (S22). In-
cidentally, the condition of the inspection charge is set
to make the electrolytic solution 30 flow out due to the
expansion of the electrode body 20. For example, it is
preferable regarding the inspection charge that a so-
called rapid charge (high rate charge) is performed. By
doing this, a certain amount or more of the electrolytic
solution 30 flows out for the inspection charge, and thus
calculating the increase amount LΔ of the excess elec-
trolytic solution becomes easy. Incidentally, a detailed
condition of the inspection charge is suitably set on the
basis of a size, a material, or the like, of the battery as-
sembly 1, which is not an element restricting the herein
disclosed technique, and thus the detailed explain is
omitted.

(2-c) Measurement S23 of inspection liquid amount Li

[0037] Next, at the increase amount measuring step
S20, the measurement S23 of the inspection liquid
amount Li is performed. The term "inspection liquid
amount Li" measured here means the liquid amount (mL)
of the excess electrolytic solution at a predetermined time
for the inspection charge. For example, the inspection
liquid amount Li is measured when the SOC of the battery
assembly 1 reaches an inspection value being set within
a range from 60% to 90% (for example, about 78%). By
doing this, it is possible as "inspection liquid amount Li"
to use the liquid amount of the excess electrolytic solution
in a state where the inspection charge has been suffi-
ciently progressed, and thus the high rate resistant prop-
erty of the battery assembly 1 can be evaluated further
accurately. In addition, the inspection liquid amount Li
can be measured with a procedure the same as the initial
liquid amount L0, except for a measurement target set to
be the battery assembly 1 for the inspection charge. In
other words, the inspection liquid amount Li can be meas-
ured on the basis of the image analysis on the X-ray
transmission image of the battery assembly 1. Regarding
this measurement of the inspection liquid amount Li
based on the X-ray transmission image, the explanation
here is omitted because it becomes an overlapped ex-
planation.

9 10 
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(2-d) Obtainment S24 of total liquid amount LT

[0038] At the increase amount measuring step S20,
next, a total amount (total liquid amount LT) of the elec-
trolytic solution 30 existing in the battery case 10 is ob-
tained (S24). Here, the term "total liquid amount LT"
means a total amount in which the excess electrolytic
solution 32 existing at an outside of the electrode body
20 and the electrolytic solution 30 osmosed to the inside
of the electrode body 20 are added. By reflecting the total
liquid amount LT on a later described calculation of the
increase amount LΔ of the excess electrolytic solution, it
is possible to evaluate the high rate resistant property of
the battery assembly 1, without being influenced by an
injected liquid amount of the electrolytic solution 30. In-
cidentally, it is possible as the total liquid amount LT of
the electrolytic solution 30 to use a standard value at a
battery design time, or to use an actual measurement
value measured at the battery assembly 1 construction
time (at the liquid injection of the electrolytic solution 30).

(2-e) Calculation S25 of increase amount LΔ

[0039] Then, at the present step, the increase amount
LΔ of the excess electrolytic solution is calculated on the
basis of each of parameters obtained at S21 to S24 (S25).
In particular, the increase amount LΔ of the excess elec-
trolytic solution can be calculated by Formula (1) de-
scribed below, on the basis of the initial liquid amount L0,
the inspection liquid amount L1, and the total liquid
amount LT. This increase amount LΔ of the excess elec-
trolytic solution is a value in which amounts (L1-L0) of the
electrolytic solution, having flown out to the outside of
the electrode body due to the expansion of the electrode
for the inspection charge, is standardized by the total
liquid amount LT of the electrolytic solution 30. 

(3) First judging step S30

[0040] Next, regarding the manufacturing method in
accordance with the present embodiment, the first judg-
ing step S30 is performed to select the battery assembly
1, whose increase amount LΔ of the excess electrolytic
solution is equal to or less than a predetermined upper
limit threshold LMAX, as the good quality product. In par-
ticular, at the first judging step S30, the increase amount
LΔ of the excess electrolytic solution and the upper limit
threshold LMAX are compared. At that time, the upper
limit threshold LMAX is suitably set in response to a stand-
ard of the secondary battery being a manufacture target.
For example, the upper limit threshold LMAX might be set
to be within a range from 0.05% to 10%.
[0041] Then, when the increase amount LΔ of the ex-
cess electrolytic solution exceeds the upper limit thresh-
old LMAX (S30: in a case of NO), it can be considered

that a large amount of electrolytic solutions 30 are flowing
out from the electrode body 20 for the inspection charge.
In that case, the battery assembly 1 being an inspection
target is judged to be a battery whose high rate resistant
property is low, and then subjected to the bad quality
product labeling step S50. At the bad quality product la-
beling step S50, labeling is performed to show that the
battery assembly 1 being the inspection target is a bad
quality product. Then, the battery assembly 1 after the
bad quality product labeling is subjected to a reinspection
operation, a correction processing, a disposal operation,
or the like.
[0042] On the other hand, when the increase amount
LΔ of the excess electrolytic solution is equal to or less
than the upper limit threshold LMAX (S30: in a case of
YES), it can be understood that a flow-out amount of the
electrolytic solution 30 for the inspection charge is small.
In that case, the battery assembly 1 being the inspection
target is judged to be a battery outstanding in the high
rate resistant property, and then subjected to the good
quality product labeling step S40. At the good quality
product labeling step S40, labeling is performed to show
that the battery assembly 1 being the inspection target
is a good quality product. Then, the battery assembly 1
after the good quality product labeling is judged to be a
secondary battery capable of being shipped, and then
shipped after a required postprocessing (for example,
construction of the battery pack, or the like) is performed.

(4) Summary

[0043] As described above, regarding the manufactur-
ing method of the secondary battery in accordance with
the present embodiment, the increase amount LΔ of the
excess electrolytic solution for the inspection charge is
measured, and then whether the battery assembly 1 is
good or bad is judged on the basis of this increase amount
LΔ of the excess electrolytic solution. This increase
amount LΔ of the excess electrolytic solution represents
an amount of the electrolytic solution 30 having flown out
due to the expansion of the electrode for the inspection
charge. In other words, it can be said that the battery
assembly 1, whose increase amount LΔ of the excess
electrolytic solution is small, is a battery in which the flow-
out of the electrolytic solution 30 in the charge time is
hardly caused and which is superior in the high rate re-
sistant property. These things are supported by experi-
ments that have been performed by the present inventor,
too. In particular, as shown in FIG. 8, it is confirmed that
the smaller increase amount LΔ(%) of the excess elec-
trolytic solution for the inspection charge induces the low-
er resistance increasing rate for the high rate charge. As
described above, regarding the manufacturing method
in accordance with the present embodiment, whether the
battery assembly 1 is good or bad is judged on the basis
of the increase amount LΔ of the excess electrolytic so-
lution, and thus it is possible to manufacture the second-
ary battery outstanding in the high rate resistant property
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with the high precision.

2. Battery pack

[0044] Next, the manufacturing method in accordance
with the present embodiment can contribute to perform-
ance improvement of the battery pack 100 having a con-
figuration as shown in FIG. 9. Below, it will be particularly
explained.
[0045] As shown in FIG. 9, the battery pack 100 in ac-
cordance with the present embodiment includes plural
single-batteries 110. Each of the single-batteries 110 is
arranged to make a flat surface 10f (see FIG. 2) of the
battery case 10 mutually opposed. In addition, a spacer
120 is arranged between the adjacent 2 single-batteries
110. Then, these plural single-batteries 110 are sand-
wiched by a pair of restriction plates 130. Said pair of
restriction plates 130 are connected by a cross-linking
member 140 that is configured to extend along an ar-
rangement direction (depth direction Y in FIG. 9). By do-
ing this, each of the single-batteries 110 is restricted by
a certain restriction pressure. In addition, the battery pack
100 shown in FIG. 9 includes a connecting member 150
that is configured to electrically connect each of the plural
single-batteries 110. This connecting member 150 is con-
figured to connect electrode terminals 40 of the adjacent
single-batteries 110. By doing this, it is possible to use
the battery pack 100 including the plural single-batteries
110, as one battery unit.
[0046] Then, regarding the battery pack 100 in accord-
ance with the present embodiment, the secondary bat-
tery whose increase amount LΔ of the excess electrolytic
solution is equal to or less than upper limit threshold LMAX
is used in 90% or more of the plural single-batteries 110.
In other words, the most portion of the single-batteries
110 in the present embodiment are the secondary bat-
teries that have been judged as good quality products at
the first judging step S30. By doing this, it is possible to
construct the battery pack 100 whose most portion is
occupied by the single-batteries outstanding in the high
rate resistant property, and thus the high rate deteriora-
tion is hardly caused even when the rapid charge and
discharge is performed. Therefore, the battery pack 100
in accordance with the present embodiment can exhibit
a high performance as a whole of the battery unit.
[0047] Incidentally, when the manufacturing method
described above is used, it is also possible to implement
the battery pack 100 in which all of the plural single-bat-
teries 110 (100%) become the secondary batteries out-
standing in the high rate resistant property (whose in-
crease amount LΔ of the excess electrolytic solution be-
comes equal to or less than the upper limit threshold
LMAX). The battery pack 100 described above can con-
tribute to performing a charge and discharge control ex-
hibiting a particularly high performance. In particular, re-
garding a general battery pack, the charge and discharge
control is performed with making the single-battery hav-
ing the lowest high-rate resistant property be treated as

a reference, in order to inhibit the high rate deterioration
as for the battery unit. Thus, in a case where the single-
battery having the lower high-rate resistant property is
contaminated in the plural single-batteries, the control is
performed in which the rapid charge and discharge is
restricted, even if the other single-batteries have the high-
er high-rate resistant properties. On the other hand, when
the manufacturing method in accordance with the
present embodiment is used, the battery pack 100 is con-
structed with only the outstanding single-batteries 110 in
the high rate resistant property, and thus it is possible to
implement the charge and discharge control repeating
the rapid charge and discharge, which has been difficult
to be implemented conventionally.
[0048] In addition, the herein disclosed technique can
be suitably applied to the battery pack 100 in which the
number of the single-batteries 110 is 20 or more (further
suitably 40 or more, furthermore suitably 60 or more, or
in particular suitably 80 or more), particularly. According
to the technique disclosed herein, it is possible to easily
implement the battery pack whose most portion is occu-
pied with the outstanding single-batteries in the high rate
resistant property, even when the battery pack 100 is
provided with so many single-batteries 110.

<Another embodiment>

[0049] Above, an embodiment of the manufacturing
method disclosed herein is explained. Incidentally, the
herein disclosed manufacturing method is not restricted
to the above described embodiment, and various matters
can be changed suitably. Below, an example of the matter
capable of being changed from the above described em-
bodiment will be described.

1. Addition of second judging step

[0050] In the manufacturing method according to the
above described embodiment, the first judging step S30
is performed in which the increase amount LΔ of the ex-
cess electrolytic solution for the inspection charge and
the upper limit threshold LMAX are subjected to a com-
parison judgment. However, the manufacturing method
disclosed herein might include a judging step other than
the first judging step S30. For example, in the manufac-
turing method shown by FIG. 10, a second judging step
S60 is performed on the battery assembly 1 whose in-
crease amount LΔ of the excess electrolytic solution has
become equal to or less than upper limit threshold LMAX
(S30 has become YES). At this second judging step S60,
the increase amount LΔ of the excess electrolytic solution
and a lower limit threshold LMIN are compared. Here, in
a case where the increase amount LΔ of the excess elec-
trolytic solution is less than the lower limit threshold LMIN
(S60: in a case of NO), it is judged that some failure might
be caused. In particular, even when the battery outstand-
ing in the high rate resistant property is used, the elec-
trode for the inspection charge is expanded a little, and
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thus the increase amount LΔ of the excess electrolytic
solution being equal to or more than a certain value is
observed. On the other hand, when little flow-out of the
electrolytic solution for the inspection charge is observed,
some defective issue (defective issue of inspection
charge, defective issue of X-ray transmission image anal-
ysis, or the like) might be caused on the measurement
of the increase amount LΔ of the excess electrolytic so-
lution. However, by providing the comparison judgment
with the lower limit threshold LMIN representing the in-
crease amount LΔ of the excess electrolytic solution being
equal to or more than the certain value, it is possible to
secure properly performing the measurement of the in-
crease amount LΔ of the excess electrolytic solution. By
doing this, it is possible to further enhance a reliability of
the secondary battery manufactured with the herein dis-
closed manufacturing method. Incidentally, similarly to
the above described upper limit threshold LMAX, the lower
limit threshold LMIN is also suitably set in response to the
standard of the secondary battery being the manufacture
target, and is not restricted to a specific value. As an
example, the lower limit threshold LMIN can be set within
a range from 0% to 0.03%.

2. Measurement timing for inspection liquid amount

[0051] In the above described embodiment, only one
increase amount LΔ of the excess electrolytic solution is
calculated on the basis of the initial liquid amount L0 and
the inspection liquid amount L1, and whether the battery
assembly 1 is good or bad is judged on the basis of said
one increase amount LΔ of the excess electrolytic solu-
tion. However, a timing for or number of measuring the
increase amount LΔ of the excess electrolytic solution
does not restrict the herein disclosed technique. For ex-
ample, measuring the inspection liquid amount might be
performed on each occasion that the SOC rises by a
certain amount (for example, about 5%) for the inspection
charge, so as to obtain the plural inspection liquid
amounts Li to LN. Then, by using these plural inspection
liquid amounts L1 to LN, it is possible to perform plural
calculations of the increase amounts LΔ1 to LΔN of the
excess electrolytic solutions. Then, by respectively com-
paring these increase amounts LΔ1 to LΔN of the excess
electrolytic solutions and the plural upper limit thresholds
LMAX1 to LMAXN, it is possible to evaluate the high rate
resistant property in a time dependent manner in re-
sponse to SOC change.

3. Measuring means for increase amount LΔ of the excess 
electrolytic solution

[0052] In the above described embodiment, the liquid
amount (initial liquid amount L0, and inspection liquid
amount Li) of the excess electrolytic solution is measured
on the basis of the image analysis on the X-ray transmis-
sion image, and the increase amount LΔ of the excess
electrolytic solution is calculated on the basis of the

measurement result. However, the means for measuring
the liquid amount of the excess electrolytic solution is not
restricted to the image analysis on the X-ray transmission
image. For the herein disclosed technique, a means con-
ventionally known for grasping the liquid amount of the
excess electrolytic solution in the battery case can be
used without particular restriction. For example, the liquid
amount of the excess electrolytic solution can be meas-
ured by using a voltage value at a full-charged time, a
change amount in the voltage for the charge and dis-
charge, or the like. A means for using the voltage value
at the full-charged time is disclosed in Japanese Patent
Application Publication No. 2022-44621. In addition, a
means for using the change amount in the voltage for
the charge and discharge is disclosed in Japanese Pat-
ent Application Publication No. 2021-182474. Further-
more, as described in Patent Document 1, the liquid
amount of the excess electrolytic solution can be meas-
ured on the basis of the image analysis on an ultrasonic
image of the battery assembly, too. For the image anal-
ysis on the ultrasonic image at that time, similarly to the
image analysis on the X-ray transmission image de-
scribed above, it is possible to use a method based on
a luminance analysis on the image. The manufacturing
method disclosed herein includes a technique of using
the above described measuring technique to measure
the increase amount LΔ of the excess electrolytic solution
for the inspection charge so as to perform the first judging
step based on this increase amount LΔ of the excess
electrolytic solution. However, the liquid amount of the
excess electrolytic solution based on the voltage value
is a so-called estimated value, and thus might be different
from the actual liquid amount of the excess electrolytic
solution. Accordingly, in consideration of the precision
property of the measurement result, it is preferable to
use a means capable of directly measuring the liquid
amount of the excess electrolytic solution (image analy-
sis on X-ray transmission image or ultrasonic image, or
the like).
[0053] Above, the embodiments of the herein dis-
closed technique have been explained. However, the
above described explanation is merely an illustration, and
is not to restrict the scope of claims. The technique recited
in the scope of claims includes contents in which the spe-
cific examples illustrated in the above explanation are
variously deformed or changed.
[0054] In other words, the herein disclosed technique
contains contents of [Item 1] to [Item 12] described below.

[Item 1]

[0055] A manufacturing method of a secondary bat-
tery, comprising:

a constructing step for constructing a battery assem-
bly in which an electrode body and an electrolytic
solution are accommodated inside a battery case;
an increase amount measuring step for performing
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an inspection charge on the battery assembly for a
predetermined period to measure an increase
amount LΔ of an excess electrolytic solution for the
inspection charge; and
a first judging step for selecting the battery assembly,
whose increase amount LΔ of the excess electrolytic
solution is equal to or less than a predetermined up-
per limit threshold LMAX, as a good quality product.

[Item 2]

[0056] The manufacturing method recited in item 1, fur-
ther comprising a second judging step for select the bat-
tery assembly, whose increase amount LΔ of the excess
electrolytic solution is equal to or more than a predeter-
mined lower limit threshold LMIN, as a good quality prod-
uct.

[Item 3]

[0057] The manufacturing method recited in item 1 or
2, wherein
the increase amount LΔ of the excess electrolytic solution
is calculated by a below described formula (1), when a
liquid amount of the excess electrolytic solution before
start of the inspection charge is treated as an initial liquid
amount L0, the liquid amount of the excess electrolytic
solution at a predetermined time for the inspection charge
is treated as an inspection liquid amount L1, and a total
amount of the electrolytic solution existing inside the bat-
tery case is treated as a total liquid amount LT. 

[Item 4]

[0058] The manufacturing method recited in item 3,
wherein
the liquid amount of the excess electrolytic solution is
measured on a basis of an image analysis on an X-ray
transmission image of the battery assembly.

[Item 5]

[0059] The manufacturing method recited in item 4,
wherein
regarding the image analysis on the X-ray transmission
image, a measurement line along a side surface of the
battery case is set in an area between the electrode body
and the battery case, and a change in luminance on the
measurement line is analyzed, so as to measure the liq-
uid amount of the excess electrolytic solution.

[Item 6]

[0060] The manufacturing method recited in item 4 or
5, wherein

the X-ray transmission image is obtained by capturing
the battery assembly in a state where the battery assem-
bly is tilted by a predetermined tilt angle θ.

[Item 7]

[0061] The manufacturing method recited in any one
of items 4 to 6, wherein
the battery case is formed with aluminum or resin.

[Item 8]

[0062] The manufacturing method recited in any one
of items 3 to 7, wherein
the upper limit threshold LMAX is set to be within a range
from 0.05% to 10%.

[Item 9]

[0063] The manufacturing method recited in any one
of items 3 to 8, wherein
the inspection liquid amount Li is measured at a time
when a SOC of the battery assembly has reached a pre-
determined inspection value set to be within a range from
60% to 90%.

[Item 10]

[0064] A battery pack, at least comprising:

plural single-batteries; and
a connecting member configured to electrically con-
nect each of the plural single-batteries, wherein
90% or more of the plural single-batteries are sec-
ondary batteries, each comprising an increase
amount LΔ of an excess electrolytic solution for an
inspection charge for a predetermined period, the
increase amount LΔ being equal to or less than a
predetermined upper limit threshold LMAX.

[Item 11]

[0065] The battery pack recited in item 10, wherein
all of the plural single-batteries are the secondary batter-
ies, each comprising the increase amount LΔ of the ex-
cess electrolytic solution being equal to or less than the
upper limit threshold LMAX.

[Item 12]

[0066] The battery pack recited in item 10 or 11, where-
in
20 or more of the single-batteries are provided.

Claims

1. A manufacturing method of a secondary battery,
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comprising:

a constructing step for constructing a battery as-
sembly (1) in which an electrode body (20) and
an electrolytic solution (30) are accommodated
inside a battery case (10);
an increase amount measuring step for perform-
ing an inspection charge on the battery assem-
bly (1) for a predetermined period to measure
an increase amount LΔ of an excess electrolytic
solution (32) for the inspection charge; and
a first judging step for selecting the battery as-
sembly (1), whose increase amount LΔ of the
excess electrolytic solution (32) is equal to or
less than a predetermined upper limit threshold
LMAX, as a good quality product.

2. The manufacturing method according to claim 1, fur-
ther comprising a second judging step for select the
battery assembly (1), whose increase amount LΔ of
the excess electrolytic solution (32) is equal to or
more than a predetermined lower limit threshold
LMIN, as a good quality product.

3. The manufacturing method according to claim 1 or
2, wherein
the increase amount LΔ of the excess electrolytic
solution (32) is calculated by a below described for-
mula (1), when a liquid amount of the excess elec-
trolytic solution (32) before start of the inspection
charge is treated as an initial liquid amount L0, the
liquid amount of the excess electrolytic solution (32)
at a predetermined time for the inspection charge is
treated as an inspection liquid amount L1, and a total
amount of the electrolytic solution (30) existing inside
the battery case (10) is treated as a total liquid
amount LT. 

4. The manufacturing method according to claim 3,
wherein
the liquid amount of the excess electrolytic solution
(32) is measured on a basis of an image analysis on
an X-ray transmission image of the battery assembly
(1).

5. The manufacturing method according to claim 4,
wherein
regarding the image analysis on the X-ray transmis-
sion image, a measurement line (ML) along a side
surface of the battery case (10) is set in an area
between the electrode body (20) and the battery
case (10), and a change in luminance on the meas-
urement line is analyzed, so as to measure the liquid
amount of the excess electrolytic solution (32).

6. The manufacturing method according to claim 4 or
5, wherein
the X-ray transmission image is obtained by captur-
ing the battery assembly (1) in a state where the
battery assembly (1) is tilted by a predetermined tilt
angle θ.

7. The manufacturing method according to any one of
claims 4 to 6, wherein
the battery case (10) is formed with aluminum or res-
in.

8. The manufacturing method according to any one of
claims 3 to 7, wherein
the upper limit threshold LMAX is set to be within a
range from 0.05% to 10%.

9. The manufacturing method according to any one of
claims 3 to 8, wherein
the inspection liquid amount L1 is measured at a time
when a SOC of the battery assembly (1) has reached
a predetermined inspection value set to be within a
range from 60% to 90%.

10. A battery pack (100), at least comprising:

plural single-batteries (110); and
a connecting member (150) configured to elec-
trically connect each of the plural single-batter-
ies (110), wherein
90% or more of the plural single-batteries (110)
are secondary batteries, each comprising an in-
crease amount LΔ of an excess electrolytic so-
lution (32) for an inspection charge for a prede-
termined period, the increase amount LΔ being
equal to or less than a predetermined upper limit
threshold LMAX.

11. The battery pack (100) according to claim 10, where-
in
all of the plural single-batteries (110) are the sec-
ondary batteries, each comprising the increase
amount LΔ of the excess electrolytic solution (32)
being equal to or less than the upper limit threshold
LMAX.

12. The battery pack (100) according to claim 10 or 11,
wherein
20 or more of the single-batteries (110) are provided.
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